Modern cardiology was born at the turn of the nineteenth to twentieth centuries with three great discoveries: the X ray, the sphygmomanometer, and the electrocardiograph. This was followed by cardiac catheterization, which led to coronary angiography and to percutaneous coronary intervention. The coronary care units and early reperfusion reduced the early mortality owing to acute myocardial infarction, and the discovery of coronary risk factors led to the development of Preventive Cardiology. Other major advances include several cardiac imaging techniques, the birth and development of cardiac surgery, and the control of cardiac arrhythmias. The treatment of heart failure, although greatly improved, remains a challenge. Current cardiology practice is evidence-based and global in scope. Research and practice are increasingly conducted in cardiovascular centres and institutes. It is likely that in the future, a greater emphasis will be placed on prevention, which will be enhanced by genetic information.
The earliest application of electrocardiography was in the recognition of a variety of arrhythmias. Physicians who used all three of these new tools in addition to clinical findings to study their patients became identified as the first 'heart specialists', i.e. cardiologists.
Animal experiments in the nineteenth century showed that ligation of a major coronary artery in the dog was rapidly fatal and the same was thought to be the case in humans who suffered acute thrombotic coronary occlusion. However, in 1901, Krehl, 7 a Viennese physician, appears to have been the first (or among the first) to report that coronary occlusion in patients is associated with chest pain, that it causes acute myocardial infarction (AMI), and that it is not uniformly fatal. In 1910, Obratzov and Strazhenko 8 in Kiev, described five patients with AMI. They reported that unusually heavy exertion and intense emotion could be precipitants. Herrick, 9,10 a Chicago physician, who alerted the English speaking world to AMI was also the first to describe electrocardiographic changes in this condition. Biochemistry and experimental pathology were the next sciences to exert important impacts on cardiology. In 1910, Adolf Windhaus, the Nobel Prize-winning German organic chemist, described the presence of cholesterol in human aortic plaques and in 1913, two young Russians, Anitschkov and Chalatow, 11 carried out what would become recognized as one of the most important experiments in the early history of cardiology.
They fed large quantities of cholesterol to rabbits, raising the concentration of plasma cholesterol to 1000 mg/dL. At sacrifice, these rabbits had early aortic plaques that contained cholesterol. These dual observations gave rise to the lipid theory of atherogenesis. Thus, modern cardiology was born in Europe and it then spread rapidly to the rest of the world.
The early years
Cardiology quickly developed its own journals and societies, both of which are features of a separate medical specialty. In 1908, both the Archives des Maladies du Coeur in France and the Zentralblatt fur Herzkrankheiten in Germany commenced publication. In 1909, Heart, the first English language journal, was started. In Italy, Malatti du cuore began publication in 1916 and the American Heart Journal in 1925. Reflecting continental and global interests, the European Heart Journal was begun in 1980 and the International Journal of Cardiology in 1981. At the present time, 114 print cardiology journals are listed in the Index Medicus, and the number of online-only journals is growing rapidly.
The British Cardiac Club was founded in 1922 and became the British Cardiac Society in 1937. The American Heart Association was begun in 1924, while the Deutsche Gesellschaft fur Kreislaufforschung was started in 1927. The Belgian, Italian, French and Swiss Cardiac Societies were formed in 1934, 1935, 1937 and 1948 , respectively. In the US, a second important organization, the American College of Cardiology was established in 1949. The need for resources to support cardiovascular research became widely recognized and many cardiac societies developed foundations to help provide the necessary funds. National governments also began to support cardiac research. In the United States, the National Heart Institute (now the National Heart, Lung and Blood Institute) was established in 1948, with robust intramural and extramural programmes. The pharmaceutical industry perceived great scientific and financial opportunities in developing new treatments for cardiovascular disease and began to devote substantial resources to this effort as well.
Cardiac catheterization
In 1929 Werner Forssmann, 12 a resident in urologic surgery in Eberswalde, Germany, carried out the first cardiac catheterization, and on himself! His goal was to develop a method of injecting drugs into the heart. Learning of what he considered to be a stunt, his chief forbade him from repeating this procedure (on anyone). Cardiac catheterization, first as a research, and later as a diagnostic tool, was begun in 1941 at Columbia University/Bellevue Hospital in New York by Andre Cournand (formerly a French pulmonary physiologist) and Dickinson Richards, who systematically investigated the haemodynamics in every important cardiac condition.
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They and Forssmann shared a Nobel Prize. By the 1960s, cardiac catheterization had spread to most large hospitals in the industrialized world and had become an indispensible cardiac diagnostic procedure. Cardiac catheterization spawned several important diagnostic and therapeutic techniques, including clinical electrophysiology. Catheter-based treatments of arrhythmias, including pacemakers and internal cardioverter defibrillators followed, as did cardiac resynchronization therapy by means of biventricular pacing for the treatment of systolic heart failure, and catheter-based replacement of the aortic valve ( Figure 2) .
Coronary arteriography, first carried out accidentally and then developed by Sones in Cleveland in 1958, arose directly from retrograde left ventricular catheterization. Coronary arteriography allowed the diagnosis and aided in the management of patients with ischaemic heart disease. Coronary arteriography was critical in the selection of patients for coronary bypass surgery and for the development, by Gruntzig and coworkers 14 in Zurich, of transluminal coronary angioplasty; this was followed by the development of stents and other refinements of percutaneous coronary intervention.
The science base
From its birth, cardiology has been a science-based clinical specialty. The work of the great cardiac physiologists of the late Rise of cardiovascular medicine nineteenth and first half of the twentieth century, such as Frank in Munich, Waller and Starling in London, and Wiggers in Cleveland, provided the basis for understanding the heart-its electrical activity and its pumping function. The effects of inotropic stimuli and of changes in the preload, afterload and frequency of contraction tied the performance of the intact heart to the contractile behaviour of isolated cardiac muscle. By the middle of the twentieth century, cardiovascular disorders were seen increasingly as disturbances of normal physiology. More recently, cardiovascular science has focused on studies of: (i) the structure, function and dysfunction of the endothelium and of other components of the vascular wall; (ii) the structure and function of ion channels and of receptors on myocytes, vascular smooth muscle cells and platelets; and (iii) the ultrastructure of myocytes, the chemistry of contractile proteins and of intracellular signalling. Increasingly, cardiovascular disorders are understood at a molecular level and the genetic bases of these molecular abnormalities are being uncovered. Thus far, these advances have had their greatest impact on the cardiomyopathies and inherited myocyte ion channel disorders.
Milestones in the evolution of cardiology Treatment of acute myocardial infarction
In his classic 1912 paper on AMI, Herrick stated 'the importance of absolute rest in bed . . . is clear' 9 and for five decades bed rest was the cornerstone of therapy. Shortly thereafter, it was recognized that AMI could cause arrhythmias and pulmonary oedema. Digitalis was given and fluid intake was restricted. By mid-century, it had become clear that AMI was not a rarity but was, in fact, the most common cause of death in the industrialized world, that cardiac rupture was a relatively uncommon complication, and that strict limitation of physical activity did not reduce the incidence of this dreaded event; indeed, it appeared that long-term bed rest might itself be hazardous and associated with venous thrombosis and fatal pulmonary embolism. Practice gradually changed; ambulation was accelerated and convalescence shortened. The concept of the treatment of AMI in CCUs spread like wildfire and rapidly became the standard of care worldwide. As control of deaths from arrhythmias in the CCU cut the early mortality by half (from about 30% to 15%), pump failure secondary to extensive myocardial damage emerged as the principal cause of death. Animal experiments demonstrated that the extent of ischaemic damage of the myocardium following coronary artery occlusion could be modified by altering myocardial oxygen needs as well as by reperfusion. 17 In the 1970s, the Soviet cardiologist Chazov and coworkers 18 ushered in the modern era of management of AMI with the second signal advance in the care of patients with AMI, i.e. reperfusion of the ischaemic myocardium by infusion of streptokinase directly into the thrombotically occluded coronary artery in an effort to limit infarct size. Chazov's paper was not translated and had little impact outside the Soviet Union. In 1979, Rentrop et al. 19 introduced this treatment to the rest of the world. The next major advance came a decade later, when the GISSI group 20 and the ISIS-2 group 21 showed that early intravenous administration of streptokinase reduced mortality in patients with AMI. Thus, limiting infarct size and thereby reducing mortality had moved from the experimental laboratory to the hospital emergency room. Balloon angioplasty, 22 followed by stent insertion 23 further improved outcome. Reduction of infarct size, and hence in mortality, was critically dependent on early reperfusion; therefore, attention has been focused in minimizing the time between the onset of symptoms and presentation to the hospital and the subsequent 'door to balloon' time. Early reperfusion reduced mortality E. Braunwald further so that in many countries, the hospital mortality has declined to about 5%. Remodelling of the left ventricle following AMI, a cause of late heart failure and death could be reduced by angiotensin-converting enzyme inhibition, reducing late mortality. 24 
Acute coronary syndromes
In the first half of the twentieth century, ischaemia was clearly divided into two separate categories, transient ischaemia, which caused chronic angina-usually owing to exertion-induced increases in myocardial oxygen demands in the presence of subtotal coronary obstruction-and prolonged ischaemia at rest, likely owing to totally occlusive coronary thrombosis, which was responsible for AMI. In the late-1930s, clinicians began to identify a third syndrome, having some characteristics of both of these conditions. This condition, ultimately named unstable angina, was considered to be severe angina occurring at rest. 25 With ever increasing sensitivity and specificity of biomarkers of myocardial necrosis, it has become apparent that the majority of cases of unstable angina are, in fact, small non-ST segment elevation AMIs (NSTEMI). In these patients, coronary arteriography often shows multi-vessel obstructive coronary artery disease without recent total occlusion. These patients are not helped by fibrinolytic therapy and those that are deemed to be at high risk and have the appropriate findings on coronary arteriography require prompt, but usually not emergent coronary revascularization. 26, 27 Registries have shown that NSTEMI is, in fact, more frequent than STEMI, and is now one of the most common reasons for hospitalization of adults. The long-term prognosis is not better and in some series actually worse than in patients with STEMI.
Imaging
Since the days of William Harvey, basic scientists and clinicians alike have marvelled at both the simplicity of the heart's pumping function and the complexity of its structure. Until the end of the nineteenth century, the disordered structure and function of the heart could not be ascertained in living humans. The first approaches to cardiac imaging, radiography and fluoroscopy, followed by peripheral angiocardiography and then selective angiocardiography, have overcome this barrier. During the past 40 years, clinical cardiovascular investigators, specialists in imaging techniques, nuclear physicists, and engineers have cooperated in the development of a broad array of non-invasive imaging techniques. As a consequence, we now have various modes of echocardiography available, a technique first described in 1954 by Edler and Hertz 28 in Sweden, computed X-ray tomography, magnetic resonance imaging and spectroscopy, radionuclide imaging, and positron emission tomography. The development of these techniques constitutes one of the major pillars of modern cardiology. They aid immensely in diagnosis, and as they are non-invasive, they can be repeated at intervals to assess disease progression or the response to therapy.
Cardiac surgery
The modern era of cardiac surgery began in the early 1950s with the development of open heart surgery using cardiopulmonary bypass, which was necessary for the successful repair of most congenital and many acquired cardiac disorders. 29 This ushered in a series of spectacular collaborations between surgeons and engineers. The development of prosthetic heart valves led to astounding benefits in the lives of patients with severe valvular heart disease. 
Valvular heart disease
Despite the recent marked decline in the prevalence of rheumatic heart disease in Europe, North America, and Australia, the total Rise of cardiovascular medicine number of patients with valvular heart disease in these regions appears to have levelled-off because of a reciprocal increase in degenerative valvular diseases, especially aortic stenosis, which accompanies the ageing of the population. The development of transcatheter aortic valve replacement 36 is a promising technique ( Figure 2) ; catheter-based reduction of mitral regurgitation is also possible.
The numbers of patients with valvular heart disease in developing countries is now rising because the incidence of new cases of rheumatic heart disease has not (yet) fallen to the low levels observed in the industrialized nations, while the number of elderly individuals at risk of degenerative valvular disease is increasing. The care of patients with valvular heart disease requires the assessment of the course of the disease in each patient to select the appropriate time for intervention. Randomized trials of surgical vs. catheter-based therapy must continue.
Heart failure
Although heart failure was recognized as a clinical entity in the eighteenth century, the causes were obscure; no effective therapies other than digitalis were available, and the prognosis was dismal. Mercurial diuretics were introduced in the 1920s, but these drugs were only of modest efficacy and required painful, deep intramuscular injections.
No real advances occurred until the development of effective oral diuretics; the benzothiadiazines in 1957, 37 the aldosterone inhibitors in 1959, 38 and the powerful 'loop diuretics' in 1962. 39 The next important step was vasodilator therapy, which was first administered intravenously in acute heart failure. Cohn et al. 40 then led a multicentre trial, the VHEFT trial, which showed improved survival in patients with chronic heart failure who received the combination of hydralazine and a long-acting nitrate.
Next came the application of neurohormonal blockersangiotensin-converting enzyme inhibitors, 24,41 beta-adrenergic receptor blockers, 42 and aldosterone inhibitors-each of which was shown to improve prognosis. These drugs are now begun earlier in the course of heart failure and increasingly in patients at risk of developing heart failure identified by modern imaging and biomarkers. Cardiac transplantation, introduced in 1967, 43 is effective in prolonging life by about 10 years in end-stage heart failure, but because of a donor shortage, it is available only to a small fraction of patients who could benefit. Approximately one-half of the deaths of patients with heart failure are sudden and are caused by ventricular fibrillation and the other half by pump failure. Both of these causes have been addressed by the development of three classes of devices-the implanted cardioverter-defibrillators to prevent sudden cardiac death; 34 special pacemakers to provide cardiac resynchronization to enhance cardiac contractility; 44 and left ventricular assist devices as a bridge to cardiac transplantation, and increasingly as destination therapy. 45 All three device classes have been shown to improve survival. Despite the dazzling progress in the diagnosis and therapy of all forms of cardiac disease, the prevalence, incidence, and deaths from heart failure are all climbing steadily, albeit in patients who are progressively older. As patients with a variety of cardiac diseases including hypertension, iscahemic heart disease, and various cardiomyopathies are increasingly managed successfully, although rarely cured, the damage to their cardiac muscle persists and sometimes progresses as mechanisms which are initially adaptive become maladaptive. With the progressive prolongation of the life span and the growing pandemics of diabetes, obesity, and atrial fibrillation, the stage is now set for further large increases in heart failure, which may be considered to be the last great battleground of advanced cardiac disease in industrialized nations.
Prevention
Up to the middle of the twentieth century, the practice of cardiology focused on the treatment of patients with established, often advanced, cardiovascular disease and most treatment were symptomatic. Prevention of cardiovascular disease was not deemed possible, and rarely mentioned. At mid-century, the occurrence of an AMI was usually totally unexpected. Most commonly it struck down apparently healthy persons in their most productive years. However, by 1961, investigators in the Framingham Heart Study had shown that overtly healthy subjects with hypertension and hypercholesterolaemia were at higher risk of developing AMI 46 ( Figure 3) ; they coined the term 'coronary risk factors'. An array of additional coronary risk factors is now recognized. They include age, gender, family history, cigarette smoking, low HDL-cholesterol, elevated lipoprotein(a), diabetes, inflammation, and chronic kidney disease. The identification of these risk factors has provided the basis for prevention of atherosclerotic vascular disease. Healthy lifestyles, weight control, cessation of smoking, reduction of low-density lipoprotein cholesterol, and control of blood pressure have substantially reduced the incidence and recurrence of AMI, acute coronary syndromes, stroke, and coronary deaths (see below). The burgeoning evidence supporting the clinical benefit of statins, 47 -49 first described by Endo and coworkers 50 in 1976, has evolved so that practice guidelines now recommend these drugs for both primary and secondary prevention of atherosclerotic vascular disease. Perhaps, no other class of drugs has been responsible for greater reduction of cardiovascular death and morbidity.
The present Evidence-based cardiological practice
For the first three-quarters of the twentieth century, cardiovascular therapy was based primarily on the relief of symptoms, and intermediate, surrogate 'softer' endpoints such as improvement in left ventricular ejection fraction, or reduction in the frequency of ventricular extrasystoles. Perhaps, the most common basis of therapeutics was encapsulated in the letters IMCE (In My Clinical Experience). Such time-honored approaches began to be subjected to widespread critical testing in the mid-1970s, using the randomized clinical trial, an approach pioneered by British investigators in 1948. 51 When these 'softer' endpoints were compared with 'hard' clinical outcomes, such as mortality, (re)hospitalization for heart failure, the development (or recurrence) of AMI, and stroke, they were found to be wanting.
The cardiology community (including this author) was startled by the results of two clinical trials. The first was CAST, 52 designed to document the benefit of three anti-arrhythmic agents in post-AMI patients in whom frequent ventricular extrasystoles could be suppressed by these drugs. However, when compared with placebo, these agents were found not to reduce sudden cardiac death, but actually to increase it! The second trial, the PROMISE trial, examined the effect of the oral phosphodiesterase-3-inhibitor milrinone on the survival of patients with heart failure. In phase 1 and 2 trials, milrinone had been shown to reverse the abnormal haemodynamics and reduced symptoms of heart failure. Despite these favourable effects, mortality actually increased in patients randomized to milrinone in the pivotal phase 3 trial. 53 It is now clear that to establish the clinical efficacy of therapeutic interventions (devices as well as drugs), improvement in hard clinical endpoints is necessary. Regulatory agencies, clinical practice guidelines writers, and those responsible for reimbursement of therapeutic interventions are now focused predominantly on these outcomes, while the softer endpoints remain useful in elucidating some of the mechanisms of action of interventions.
While the prospective, double-blind, multi-centre, adequately sized clinical trial remains the gold standard for obtaining bias-free evidence, this approach is not without drawbacks. Eligibility criteria are often drawn so narrowly that the results of the trial apply to only a small proportion of the patients with the condition under study. Prospective registries that broaden the patient population can be used to complement clinical trials. A relatively new field, comparative effectiveness research, is designed to determine which interventions are effective in the 'real world'. 54 The rise of global cardiology Shortly following World War II, cardiology began to transcend national boundaries, with the formation of regional, continental, and international societies of cardiology, all of which hold regular meetings, thereby facilitating communication among scientists, clinicians, and trainees. The first International Congress of Cardiology was held in Paris in 1950; subsequent congresses have been held on a regular basis on all continents. The European Society of Cardiology has become the largest and most active continental society.
International collaborations have become increasingly important, especially in the case of large, multi-centre clinical trials that require the recruitment of tens of thousands of patients in upwards of 50 countries, on all inhabited continents. Registries, meta-analyses, data banks and analyses of biomarkers often involve thousands of patients, and are enhancing the understanding of the natural history of cardiac disorders and their management. Genomic technologies that identify patients at risk for various cardiovascular disorders are not limited by political or geographical boundaries. The development of new devices requires the collaboration of experts that span nations and continents. Cardiology has become a global enterprise, 55 facilitated by the personal computer, the internet, and the adoption of English as the lingua franca of medicine and medical science. Most importantly, these collaborative efforts have created global communities of basic scientists, clinical investigators, and clinicians. Cardiology has also been an important agent for world peace. Paul D. White, the great American cardiologist, arranged the first non-governmental meeting between Soviets and Americans-between cardiologists of both nations in 1961, at the height of the cold war! The Soviet cardiologist Eugene Chazov and the American cardiologist Bernard Lown accepted the Nobel Peace Prize on behalf of the International Physicians for the Prevention of Nuclear War in 1984; this organization helped to pull the superpowers back from the nuclear precipice.
The growth of cardiovascular centres
With the rapid growth of knowledge and of technologies, cardiologists have sub-specialized in various branches (and twigs) of the specialty, becoming interventionalists, electrophysiologists, echocardiographers, nuclear cardiologists, specialists in other imaging modalities, heart failure, acute coronary care, lipid disorders, hypertension, peripheral vascular disease, prevention, geriatric cardiology, pulmonary hypertension, etc. Although sub-specialization has certainly improved care, it is a two-edged sword, because sometimes it fragments cardiac care.
The need for close collaboration among cardiac specialists in different departments has led to the creation of multi-disciplinary cardiac centres which are usually a part of, or are closely affiliated with a medical school. 56 These centres are also the site of clinical and fundamental research and training. In order for such large cardiovascular centres or institutes to be financially viable, they must be able to attract a critical mass of patients. These institutes are becoming multimillion euro/dollar enterprises, often housed in separate buildings, with surgical and cardiovascular imaging suites, catheterization and electrophysiological laboratories, inpatient beds, outpatient clinics, rehabilitation units, and research divisions, staffed by a wide range of professionals including clinicians, nurses, nutritionists, technologists, clinical and basic scientists, epidemiologists, bioengineers as well as trainees at many levels, administrators, and (alas) accountants.
The future
The near term future, i.e. approximately the next decade, is likely to see an increasing prevalence of atherosclerotic disease worldwide, with the ageing of the population and the rise in obesity and diabetes. The total costs of caring for these patients, direct and indirect, will be staggering. 57 Efforts will be intensified to start preventive therapy, such as changes in diet and the use of statins, progressively earlier in life. The greatest challenge will be to apply the enormous advances that have occurred in the diagnosis, management, and prevention of cardiovascular disease to the large and growing majority of the world's population that has not yet enjoyed their benefits. Perhaps, inexpensive 'polypills' containing aspirin, an angiotensin-converting enzyme inhibitor, a thiazide diuretic and a statin, or some variation thereof, will prove to be of value for primary and secondary prevention in selected persons in developing nations. 58 Successful use of stem-cell therapy in the prevention and treatment of heart failure following AMI and in some forms of chronic heart failure is likely. 59 Pluripotent stem cells derived from the patient's own cell types, including fibroblasts, 60 are particularly interesting.
Rise of cardiovascular medicine
There will be enormous advances and rapidly growing use of smaller, more reliable, safer, and less-expensive implanted ventricular assist pumps as 'destination therapy'. These devices are likely to be used for weeks, perhaps in combination with cell therapy as 'bridges to recovery' from heart failure. When attempts to wean the patient from the device are unsuccessful, they will be left in place as destination therapy. When all else fails, gene therapy may be employed 61 ( Figure 4 ). It will be necessary to set up new, specialized clinics to care for patients who receive cell-based, device-based, and combination therapy for heart failure and AMI. The long-term future, i.e. beyond the next decade, is more difficult to discern. However, it appears likely that the fruits of the biological revolution will be applied to cardiology with ever greater vigour. Pharmacogenomics will expand. Genomics will enhance the sub-classification of disease, allowing truly 'personalized' care 62 ( Figure 5) . RNA, long a stepchild, is poised to take centre stage. MicroRNAs (miRNAs) are small RNAs that are key regulators of gene expression. Changes in the expression of MiRNAs have been found to be important in cardiac development, myocardial hypertrophy, and heart failure. 63 RNA interference (RNAi) is an efficient and versatile mechanism capable of silencing specific genes. RNAi has the potential to provide novel drugs in many areas of medicine, including the treatment of heart failure. 64 Primordial prevention, i.e. prevention of the future development of risk factors, 65 will become the dominant form of prevention and will focus on children and adolescents. It is likely that the role of cardiologists will change. Although most cardiologists today still deal predominantly with patients who have established disease, the primary goal of cardiologists of the future may become the interpretation of their patients' characteristics determined by genomic and other 'omic' techniques in a move from personalized care to personalized primordial prevention. The greatest possible victory that cardiology could aspire to would be to greatly reduce or even eliminate coronary artery disease, the most common form of cardiovascular disease, and to delay substantially the development of degenerative heart disease. The world cardiology community should set these important goals for 2052, the sesquicentennial of Einthoven's description of the string galvanometer in 1902, and the birth of modern cardiology.
